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Top & W masses are fundamental parameters of the SM
Radiative corrections dominated by top & Higgs

Measured to 0.014% (0.677% correction)
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= Consistency check of SM parameters <
= Precision measurements of M, & M,, allow S go.4-

prediction of My, s
= Constraint on M, can point to physics BSM
= Constraint on SUSY models

80.3 1




Recorded ~1.3 fb'!
Peak Luminosity
~1.8E32 cm3s'!
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Measurement of the W mass is done by fl‘r‘rmg the

Jacobian edge of the W transverse mass: & W
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p;¥ come from hadrons
recoiling against W [

Use Z decays to model boson p+ distribution, ]

| detector response to hadronic recoil energy /




Set momentum scale using J/y (Y)—uu . Checked using Z—uu

After corrections for energy loss in
material, scale dependence on pt is small
— reliably extrapolate fo W/Z scale.

Y mass constrains tracker non-
linearity and test prompt track fit
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= Use calibrated track to set calorimeter electromagnetic scale
= E/p peak in W:—e*v events determines energy scale.

[ Fit scale in peakJ
region Measure calorimeter non-

5 . linearity using E/p distribution
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= Parametrize hadronic response R - Umea/
true

Resolution model combines terms from

)

= Underlying event:

My

=37MeV

= Independent of recoil but luminosity dependent
= Resolution model tuned on min-bias events

= Jet resolution [6MW

- 20Mev]

= Accounts for resolution p+(Z) dependence

\ UTr‘ue glven by PT(Z)
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L werohcton s vecoy el ]

= W/Z production: [5 :15Mev]

MW
= 2 ingredients: W p+, fractional momenta of u & d quarks inside the
proton (determine p,, which affects M;)

= Embodied in PDF's (CTEQ & MRST)

o =13MeV
= QCD corrections to W/Z production: [ My - ]

= Model boson p; using event generator (RESBOS) with NLL calculation
and non-pertubative parameters constraint with Run I Z p; data.

= QED corrections to W/Z decay: [5MW B 15_20Mev]

= Simulate radiation of final state photon according to energy and
spatial distribution from NLO event generator (WGRAD)

o ~27MeV
O 271V ]
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At Tevatron, top is mainly produced in pair via strong interaction

qq annihilation (~85%) g gg fusion (~15%)
t "

o(pp - tt@M,, =173 GeV/c*) = 7.1 pb
In SM, top decays via the electroweak interaction BR(t—Wb)~100%

All jets

e/u’, q 44%

v, q

lepton+jets
30%

dilepton
5%

| Each channel presents different sensitivity and challenges |
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(-2 undetected v:under-

constraint (kinematically
complicated to solve M;,,)

\_

S:B=2:1; 20:1 21 b-tag

f-l undetected v:over-constraint
»S:B=1:4 (11:1 =2 b-tag)

*Golden channel:

S Mosft precise M,,, measurement

J

J

3 constraints: Two M,,=80.4 GeV/c2; M;=M,,,.

*No v:over-constraint
-S:B=1:8 =1 b-tag




SecVix Tag Efficiency for Top b—Jets

Displaced > 0.7 .
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Jet Energy Scale: ~3% JES unct. & 3M,,, =3 GeV/c?
=Determine E of q produced 0
in the hard scatter

=Use MC & data to derive the
E scale

Quadratic sum of all contributions

o
o
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Absolute jet energy scale
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Relative - 0.2<|n|<0.6

Underlying Event

Jet Energy Scale Uncertainty:
«Difference between data & MC

o

Uncertainty on JES
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out of cone ®

PIil+iC[C \ ; p'r‘je.f-cor'r [GeV/C]

\\\,@7
° g New: In-situ jet energy calibration:

underlying

-Constrain the invariant mass of the non b-
tagged jets to be M,
‘Use W—jj to measure the JES uncertainty
-Scales directly with statistics

event

rop USe this ‘rechnique]

b [Mos’r precise measurements of M




= Each event gets assign a probability as a function of the top mass

= Integrate over quantities not directly measured (v, E,) using the LO M.E.
= Assumes lepton and jet angles to be perfectly measured and jets are b's

= Likelihood is a linear combination of the probabilities for signal and background

Fy
.g 02 COF Runll Preliminary
i f L dt =750 pb” (64 events)
% 0.15 1= = B
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" Select reconstructed M,,, from assignment yielding to lowest x*
= Use templates of top signal at different mass and background

" Reconstructed M,,, & M, (from data) are compared to true M,,, templates and
AJES (jet energy uncertainty shift) using an unbinned likelihood "
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" B hadron decay length (L,,) =< b-jet boost « M,,, (PRD 71, 05029)
= Relies on tracking, no JES & uncorrelated with other measurements

Transverse Decay Length

10 —m, =130GeV |
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L,, Lo Mtop=183.9fllgf§7(stat)15.6(3yy.) GeV/c?




Kinematic fitter (XZ) to fit 2 MTop e.g Fitted masses for signal

- MC, right combination
TNT Use x° & b-jet information I :
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CDF Top Quark Mass Combination

F (*Preliminary)
F @
All-hadronic 186.0 +10.0£ 5.7
F (Run 1)
! Dilepton 167.4+10.3+ 4.9
g (Run 1)
E | Lepton+Jets 176.1+ 5.1+ 5.3
C (Run 1)
E | *Al-hadronic 177.1£ 4.9+ 4.7
¢ | (310p07")
! *Dilepton 164.5+4.5+ 3.1
L | (750pb7)
. o
*Lepton+Jets (<Ly>) 183.9+14.81 5.6
| (695p57)
! | “Leptons Jets 173.4+1.7+2.2
| (680pb”)

" B *CDF April 2006 1724+1.5+22

(stat)* (syst)
yZ/dof = 6.2/6

(CDF Run I+11)

150 160 170 180 190
Top Quark Mass (GeV/cz)

200

.

Are the channel consistent ?

MTo (dilepton) 164.8+4.8 GeV/c?
(|+J€'|'S) 173.5+2.8 GeV/c?
(all-hadronic) = 178.7+5.5 GeV/c?

Top
Top

HOON NN O 55 NNO O NN = O

B

Combine to improve precision

Any systematic shift ?
= Missing systematics ?
= Bias due to new physics ?

Comparison of M, ln Different Final States

(CDF-II Pre//m/nary April 2006)

——

A M (All-d - L+Jb)

52+£52 W= 1.0/1 (32%)
° A M (All-J - Dil)

13.9£6.5 X2 = 4.6/1 (3%)
—— A M (L+Jt - Dil)
8.7+4.8 W= 3.3/1 (7%)

0..'.5.'..1'0.'.‘]IS-..'ZIO.'..2I5..'23I9'...:3I5....4.I()....4_5
|AM°p (GeV/c")




Precision EWK fit assuming SM:
M, =89 GeV/c?
M,, <175 GeV/c*@95%C.L.

80.70

80.60

Or (including LEP-2 M, >114.4 GeV/c? @95C.L.)
M, <207 GeV/c*@95%C.L.

M,, [GeV]

Favors “"heavy” SUSY over |
SM or light SUSY

Mgss’“ <140 GeV/c?

80.30

80.20

160

CDF Run IT Weight %

M,, = 80.404 + 0.030 GeV/c?

80.50

T M, = 1725  +2.3 GeV/c?

|

__experimental errors 68% CL.:
LEP2/Tevatron (today)
Tevatron/LHC

SM
MSSM i
both models EEEES

Heilnemeyer. Hollik, [Stockinger, Webrr. Weiglein '06 7
1 1 1 1 1 1 1 1 1 1 1 1

170 175 180 185
m, [GeV]
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= W Mass
= Run I combined W mass uncertainty 59 MeV (42 MeV LEP)
= Run IT analysis in advanced stage. Uncertainty already lower than Run TI.
= Expectation with 2 fb-1: 40 MeV/experiment, ~30MeV combined

m TOp Mass CDF Top Mass Uncertainty

. . o . (l+1 and l+j channels combined)
= Achieved 1.3% precision with ~0.7fb-! 10 1
(+2.3GeV/c?)
= TDR Tevatron goal with 2fb! was +3 GeV/c?

= Expectation with full Run II dataset
<15 GeV/c?

1o’ 2fb" 4fb’ 8fb’
A R

*

¥ CDF Results .'.""'-.',L'w»f

A Mtotal) GeV/c?

% Runllagoal (TDR 1996)

— Scale A(stat) / \L, Fix Afsyst)
(assumes no improvements)

With more precision. e Scale Afotal) /\T.

. (improvements required)
Would the SM continue to hold ? g — ;O‘f e
Where will SUSY f“' 2 Integrated Luminosity (pb'1)

B — T —
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= Large number of measurements from LEP, SLC and Tevatron
= W mass/width (Tevatron, LEP-2)
= Top quark mass (Tevatron)

= Z-pole measurements (LEP, SLD)
= Z lineshape parameters
= Polarized leptonic asymmetries
= Heavy flavor asymmetries and branching fractions
= Hadronic charge asymmetry

» Tn the SM, each observable can be calculated/fit in terms of
" Alhaq, 0s(Mz), Mz, My, sin°0y,, My, My o6, etc..
= Higgs & top enter as ~1% radiative corrections

= LEP Electroweak Working Group

= ZFITTER, TOPAZO p

Higgs

t 6{ o< GFM:U[) ',-’H\“ :: H ::: 6[_1 oC ll‘l

.

w

WY W zZwzw  ZW Z/W

B — e —




Z production

Hadronic Recoil

W production
4V

%

, =91.1876+0.0021 GeV (LEP)

e

=? € Can’t measure p, of v

Mlv
M, = \2(ELE" [1-cos(Ag""*)])

M,, =80.425+£0.034 GeV

Hadronic recoil




= Take care of energy in lepton calorimeter tfowers from underlying
event/recoil

= Look at tfowers adjacent (in ¢) to e/

= Exploit similar production model of Z events to create ad-hoc
model for recoil W events that depends on luminosity

Muon Hadronic E; (MeV)

N 3
m L NP RTINY 9 a 9 9
0.1 () x 15° (0) Qo [INAF
.E’ i g g 1 10 9 9
wv |
é 1? 3 8 g 138 12 9 g
s
Q r
S o 1243
=
< _1;_% 9 9 92 11 9 9
r 9 MeV
9 8 a 10 9 8 9
-2/
[ & 8 g 3 9 s 9
~9 Mev per -3-3 1 | 1 1-121 1 1 | -11 | 1 1 1 ol 1 | L | % 1 1 1 L 2’ 1 | 1 1 3
tower A Tower ¢x Sign(CES x)

B — —



= Take model from fits fo Z and min-bias and compare to W events
= Look at component of U along electron and muon direction: U,

14000 CDF RUNII

12000
10000
8000/

6000

= W W
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10 15 20
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= Z events where one lepton escape detection

= Wrotty; tt—e(u)vv

= Other backgrounds are estimated from data
by loosening cuts and extrapolation

Estimated from MC

Z Bk
> 0.2__ :
Gy (sl From track hits timing
s S = - —— Total Background
=016}
L
0.14; | Cosmic Bkg
0.12:{_ Mean 714734 . . X .
: wese () Look at Mg; distribution in events
0.1 = /' h I . . l d
z | QCD Bkg where lepton is not isolate
0.08 :— Mean  68.1182
0.06
- ———\_ Decay in COT leads to track
T F ven () g mismeasurent & Mg, opposite track
002} - Foe | Use Ad(l,Mg,)
11’1111lllllriliritlxllillll!’l_l_rli}'l"‘lﬂ’i’lll'ﬁ-l'—f—t—t—t—l—iﬂ—t»r-
% 55 6 6 70 75 8 8 9 95 100

\ Transverse Mass (GeV) ‘



= Challenge 1: Find the events in huge QCD
background

= Use 2 displaced track trigger (SVT).
AfTer‘ b-'I'aggingl ~9O°/° bbar' CDF Run 2 preliminary - L=333 pb"
= Select 2 back to back jets (Et>20 GeV, + Selected events
In|<1.5) & no other jet with E+>10GeV 2l

Z_signal: 3394+ 515 events
= Challenge 2: Lowest possible cuts on jet —

Et to obtain a signal far from dijet mass

Turn-on

= Without introducing biases & sculpting
effects at low dijet masses

= Challenge 3: Obtain reliable dijet mass

*

Events per 5 GeV
[9)] (0]
o (=]
(=] (=]
o o

IS
o
o
o

background shape to fit the data zooof
= Background shape taken from tagged i
events in control region. N T
= Small fluctuation in background shape can O 00 ivariant mags (GeY) |

result in large systematic effects in
measuring b-jet Energy SF.




= Reconstructing Mtop from dilepton events represent a particular challenge:

= 2 v from W undetected, only 1 Met measurement: decay assumptions are insufficient
to constraint the event

» For each event calculate differential cross-section:

1 e :
P, (XM )= [do | (g.p M) xTT# (P} fr (9, fone (9.)
o (MT) jets
Phase space LO Matrix Transfer
integral over element functions
unknow quantities
\

(Only partial information available:

* Fix measured quantities

* Integrate over unknown parton quantities consistent
\wi‘rh ttbar production and measured event Py

qi: 4-momentum of initial partons
pi: 4-momentum of final partons

\ X: measured event variables /




soderadons (P (x| )= P, (x| |p, + P, (x]p,, + . (x)ps

signal probabilities

= Test performance with P.E in MC for generated top masses

Response (M., is linear.

Incomplete modeling of the background contribution

lead to slope (small bias), which is corrected. Examining pull width reveal that statistical
uncertainty is underestimated.

o 195; - : -M Due to simplifying assumptions (eg jet from
) : i
S 190 ° Herwigtt 4 3 Pull = —fmeas e . - k
2 " e M) xs 7 o radiation rather than b quarks).
o I X i ]
= 195 T S meas Rescale error by factor 1.49
§ 180 i
~ 175 . — - 2
a f T . Pt rositunt « 0.00 » 0.62 - oak 'uM.no..A--ou ) Y
S 170, 3. ja. ;"
= 3 * ; 3 " ! g
e 1655 4 M=176.7 = 0.1 § ! | 2 ! ; L % l
=" $=0.85 = 0.01 3 . R EEER o r“% pottigt B
155 ! ] g B S Iy £ 1T wter .4 .
PP TRV FIVEN PRUON FYVIL PROPY TR PROPY POV O - < ! 1 B A SREAER R L
155 160 165 170 175 180 185 190 195 4 ; ast - " | :
M, [GeVicT] N R L R A T LT T T T T e T e T
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